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METHODS AND SYSTEMS FOR IMPROVING
SPATIAL AND TEMPORAL RESOLUTION OF
COMPUTED IMAGES OF MOVING OBJECTS

BACKGROUND OF THE INVENTION

This invention relates generally to 1image reconstruction
and more particularly, to improving both temporal resolution
and spatial resolution of a reconstructed 1mage.

CT cardiac imaging 1s one of the most recent technological
advancements in CT 1imaging; however at least some known
methods of CT cardiac imaging are limited due to motion of
the heart during the CT scan. As such, it 1s essential to collect
the CT data when the motion of the heart 1s mimimal. There-
fore, at least some known methods of CT cardiac imaging
collect data within a narrow temporal window that corre-
sponds with a specific phase of the heart cycle.

Specifically, in some known CT cardiac imaging methods,
filtered-backprojection (FBP) image reconstruction 1s used to
reconstruct projection data that spans a sufficiently wide
angular range. The data 1s grouped or merged into L datasets
of measured projections such that each frame vy, of the cor-
responding dataset can be reconstructed. For example, 11 L=2,
a first dataset z, would equal {y, ... v,,.} and a second
dataset z, would equal {y /., - - . Yast, Wherein M denotes
the total number of projection views. Typically, datasets z,
and z, would be defined based upon an EKG signal. Frame 1
1s then reconstructed from dataset z, and frame {1, 1s recon-
structed from dataset z,. As such, an image of the heart can be
reconstructed for each phase of the cardiac cycle. Further,
iterative reconstruction methods can also be used to recon-
struct I; from dataset z, and 1, from dataset z,. However, using
conventional iterative reconstruction to such grouped
datasets does not improve temporal resolution relative to FBP
image reconstruction because the grouping that defines the
datasets {z, } determines the temporal resolution. In particu-
lar, conventional 1terative methods and FBP methods require
complete or nearly complete sets of projection views and this
often requires longer time intervals over which object motion
may OcCcuUr.

BRIEF SUMMARY OF THE INVENTION

In one aspect, a method of improving a resolution of an
image using 1mage reconstruction 1s provided. The method
includes acquiring scan data of an object and forward pro-
jecting a current 1mage estimate of the scan data to generate
calculated projection data. The method also includes apply-
ing a data-fit term and a regularization term to the scan data
and the calculated projection data and moditying at least one
of the data {it term and the regularization term to accommo-
date spatio-temporal information to form a reconstructed
image from the scan data and the calculated projection data.

In another aspect, a system for reconstructing an 1image 1s
provided. The system includes a processor configured to
acquire scan data of an object and forward project a current
image estimate of the scan data to generate calculated pro-
jection data. The processor 1s also configured to apply a
data-fit term and a regularization term to the scan data and the
calculated projection data and modify at least one of the data
fit term and the regularization term to accommodate spatio-
temporal information to form a reconstructed image from the
scan data and the calculated projection data.

In a further aspect, a system for reconstructing a cardiac
image 1s provided. The system includes a processor config-
ured to acquire scan data of a heart and forward project a
current image estimate of the scan data to generate calculated
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2

projection data. The processor 1s also configured to apply a
data-fit term and a regularization term to the scan data and the
calculated projection data and modify at least one of the data
fit term and the regularization term to accommodate spatio-

temporal information to form a reconstructed image from the
scan data and the calculated projection data.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an 1sometric view ol an embodiment of a com-
puted tomography (CT) imaging system.

FIG. 2 1s a block diagram of the CT system of FIG. 1.

FIG. 3 1s a flowchart of an embodiment of a method for
improving a resolution of an image.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 and 2 illustrate an embodiment of a computed
tomography (CT) imaging system 10. Specifically, FIG. 1 1s
an 1sometric view ol an embodiment of computed tomogra-
phy (CT) 1maging system 10, and FIG. 2 1s a block diagram of
computed tomography (CT) imaging system 10. Although
the present ivention 1s described in terms of a CT 1maging
system, as will be appreciated by one skilled in the art, the
methods described herein may also apply to X-ray computed
tomography, magnetic resonance imaging, single photon
emission computed tomography, positron emission tomogra-
phy, or any other imaging system capable of utilizing the
methods described herein.

CT imaging system 10 includes a gantry 22 and 1s a “third
generation” CT system. In an alternative embodiment, CT
system 10 may be an energy integrating, a photon counting
(PC), or a photon energy discriminating (ED) CT detector
system. Gantry 22 has an x-ray source 12 that projects a beam
of x-rays toward a detector array 18. The x-rays pass through
a subject 16, such as a patient, to generate attenuated x-rays.
Subject 16 lies along a z-axis. A height of subject 16 1s parallel
to the z-axis. Detector array 18 1s formed by a plurality of
detector elements 20 which together sense the attenuated
x-rays. A row of detector arrays 18 1s located along an x-axis
and a column of detector arrays 18 1s located along a y-axis.
In an alternative embodiment, each detector element 20 of
detector array 18 may be a photon energy integrating detector,
a photon counting, or a photon energy discriminating detec-
tor. Each detector element 20 produces an electrical signal
that represents an intensity of the attenuated x-rays. During a
scan to acquire projection data, gantry 22 and components
mounted on gantry 22 rotate about a center of rotation 23.

Rotation of gantry 22 and an operation of x-ray source 12
are governed by a control mechanism 24 of CT system 10.
Control mechanism 24 includes an x-ray controller 26 that
provides power and timing signals to x-ray source 12 and a
gantry motor controller 28 that controls a rotational speed and
position of gantry 22. A data acquisition system (IDAS) 32 in
control mechanism 24 samples and digitizes the projection
data from detector elements 20 and converts the projection
data to sampled and digitized projection data for subsequent
processing.

A pre-processor 35 including a controller 36 receives
sampled and digitized projection data from DAS 32 to pre-
process the sampled and digitized projection data. In one
embodiment, pre-processing includes, but 1s not limited to, an
offset correction, a primary speed correction, a reference
channel correction, and an air-calibration. As used herein, the
term controller 1s not limited to just those mtegrated circuits
referred to 1n the art as a controller, but broadly refers to a
pProcessor, a microprocessor, a microcontroller, a program-
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mable logic controller, an application specific integrated cir-
cuit, and other programmable circuits, and these terms are
used mterchangeably herein. Pre-processor 35 pre-processes
the sampled and digitized projection data to generate pre-
processed projection data.

An 1mage reconstructor 34 receives the pre-processed pro-
jection data from pre-processor 35 and performs image
reconstruction to generate a C'1 1mage. The CT 1mage 1s
applied as an mput to a computer 64 which stores the CT
image 1n a mass storage device 38. As used herein, each of the
terms “computer’” and “image reconstructor” 1s not limited to
just those integrated circuits referred to 1n the art as a com-
puter, but broadly refers to a processor, a microcontroller, a
controller, a programmable logic controller, an application
specific integrated circuit, and other programmable circuits,
and these terms are used interchangeably herein. X-ray con-
troller 26 adjusts a tube current within x-ray source 12 based
on a quality of the CT image.

Computer 64 also receives commands and scanming
parameters from a user, such as an operator, via a console 40
that has a user interface device. A display 42, such as a
monitor, allows a user, such as an operator, to observe the CT
image and other data from computer 64. Computer 64 uses
the commands and scanning parameters to provide control
signals and information to DAS 32, x-ray controller 26, and
gantry motor controller 28. In addition, computer 64 operates
a table motor controller 46 which controls a motorized table
48 to position and translate subject 16 within gantry 22.
Particularly, table motor controller 46 adjusts table 48 to
move portions of subject 16 and center subject 16 1n a gantry
opening 49.

In an alternative embodiment, a high frequency electro-
magnetic energy projection source configured to project high
frequency electromagnetic energy toward subject 16 may be
used instead of x-ray source 12. A detector array disposed
within a gantry and configured to detect the high frequency
clectromagnetic energy may also be used 1nstead of detector
array 18.

Also as used herein, reconstruction of an 1mage 1s not
intended to exclude embodiments of the systems and methods
for filtering a measurement of a density of an object 1n which
data representing an image 1s generated but a viewable image
1s not. Many embodiments of the systems and methods for
filtering a measurement of a density of an object generate or
are configured to generate at least one viewable 1image.

FI1G. 3 1s a tlowchart 100 of an embodiment of a method for
improving the resolution of an 1image. Specifically, FIG. 3 1s
a flowchart 100 of a method for improving temporal resolu-
tion and spatial resolution of a cardiac CT 1image by minimiz-
ing a cost function during iterative reconstruction by applying
a data-fit term, a temporal regularization term, and a spatial
regularization term to data acquired during a cardiac CT scan.
While the present mvention 1s described 1n terms of cardiac
CT imaging, as will be appreciated by one skilled 1n the art,
the methods described may also apply to CT imaging of any
other object. Moreover, as will also be appreciated by one
skilled 1n the art, the present invention may also apply to
X-ray computed tomography, magnetic resonance imaging,
single photon emission computed tomography, positron
emission tomography, or any other 1maging system capable
of utilizing the methods described herein.

Referring back to FIGS. 2 and 3, computer 64 acquires scan
data 102. In the exemplary embodiment the scan data
includes M number of CT projection views. In alternative
embodiments, the scan data includes at least one of M number
of SPECT projection views, M portions of k-space data 1n
MRI, or M number of coincidence events in PET. Moreover,
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4

acquiring scan data 102 may include acquiring scan data
using at least one of continuous 1800 plus cardiac fan angle
and less than 180° plus cardiac fan. Further, cone-beam scan
data may be acquired. As such, the methods described herein
may apply to single-sector or segmented 1mage reconstruc-
tion, where data from a single heartbeat 1s used to reconstruct
the image. Moreover, the same methods can also be applied to
multi-sector reconstruction, where data from multiple heart-
beats provide complementary angular ranges to reconstruct
an 1mage at a specific phase of the heart with higher temporal
resolution.

The acquired image data includes y, through vy, ,projection
views that are recorded by the system. In the exemplary
embodiment, a predetermined set of scan parameters 104 are
programmed 1nto computer 64 to dictate the parameters of the
acquired 1mage data that will be reconstructed. For example,
for a 64-slice scanner with 1000 detector channels per slice
and 980 projection views per rotation, each vy, 1s a vector of
length 64,000 elements, and a typical value for M, in one
embodiment, would be a multiple of 980. Specifically, M
would be equal to 980 projection views per rotation times the
number of rotations. The object (1.e., the chest and heart of the
patient) changes continuously throughout the scan, but in
practice reconstruction 1s achieved using several “snapshots™
or “frames” of pictures of the chest and heart over phases of a
cardiac cycle. The “snapshots™ or “frames™ are grouped by
letting 1, through 1, denote L. image frames that are to be
reconstructed from the measured projection data. In an exem-
plary embodiment, each frame would be a 512x512x200
volume and L. would be between 2 and 16 frames. Therefore,
cach 1, will be a vector of about 512*512*200 elements long.

Scan parameters 104 are used with scan data 102 during a
standard fast reconstruction 106 (such as FBP). An output of
standard fast reconstruction 106, scan data 102, and scan
parameters 104 are then used to compute initial regularization
parameters 108 to regularize the image data. Specifically, the
initial regularization parameters include spatio-temporal
data-weighting factors, w,_,, temporal regularization param-
eters, t,, and spatial regularization parameters, s;. Initial
regularization parameters 108 are predetermined prior to the
beginning of image reconstruction and used to reconstruct the
image by minimizing a cost function 110 that consists of three
terms: a data-fit term, a temporal regularization term, and a
spatial regularization term. Mathematically the minimization
can be expressed as follows:

S =argmin D+ T()+5(f), (1)

where {=(1,, . . ., 1;) and D(1) represents the data-fit term, T()
represents the temporal regularization term, and S(1) repre-
sents the spatial regularization term, respectively.

In the exemplary embodiment, the data-fit term 1s weighted
as follows:

Dm:2m=lMEI= lemZd@mfAnLﬁ)! (2)

where A denotes a system model or forward projection
operator and d(y,, A _1,) denotes a measure of distance
between the measured projection datay, and the predicted or
reprojected data A_1,. In one embodiment, d(y_, A_1,) will
include weighting based on known statistics of the data. For
example, known statistics of the data may include at least one
of a Poisson, Gaussian, or compound-Poisson distribution, or
combinations thereof.

Further, 1n the exemplary embodiment, the temporal regu-
larization term 1s weighted as follows:

() :EfzzLE_;:lJfg;ﬁ(fzj—ﬁ_u): (3)

where p(.) denotes a first “potential function”, such as, butnot
limited to the Huber function or a quadratic function, as are
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known 1n the art, and J denotes a number of voxels in each
image. In the exemplary embodiment, the temporal regular-
1zation parameters, t,, are selected to improve temporal reso-
lution.

Moreover, 1n the exemplary embodiment, the spatial regu-
larization term 1s weighted as follows:

S m:z;,f:lizﬁc:lﬁg D) (4)

where K denotes a number of spatial neighbors of each image,
n, denotes a relative index of the kth neighbor, and p(.)
denotes a second “potential function”, such as, but not limited
to the Huber function or a quadratic function, as are known in
the art. In the exemplary embodiment, the spatial regulariza-
tion parameters, s ;, are selected to improve spatial resolution.

By minimizing the cost function 110, an updated image
112 1s produced. Computer 64 then determines 114 if all
iterations of the reconstruction have been completed. If the
iterations have been completed, a reconstructed image 1s dis-
played 116 on display 42. If the iterations are not completed,
the 1mitial regularization parameters are adjusted by computer
64 and reapplied to cost function 110 to update image 112.

Specifically, 1in the exemplary embodiment, the spatio-
temporal data-weighting factor 1s adjusted 118 based on
where a projection data m falls 1n the cardiac cycle relative to
the cardiac phase 1, resulting 1n phase-weighted iterative
reconstruction. In the exemplary embodiment, w_ , 1s selected
adaptively to improve temporal resolution. Specificallyw_ ,1s
adjusted based on how well a predicted data from the current
image estimate matches the projection view y_ . In an alter-
native embodiment, other considerations are used to selec-
tively adapt w_ ,, such as, but not limited to whether the data
corresponds to a dynamic portion of the scanned object. In
addition, A 1s adjusted dynamically based on the state of the
heart motion. Specifically, for a forward projection, the
matrix can be “warped” dynamically based on any a prior
knowledge of the heart motion. Such prior knowledge may
include, but 1s not limited to motion vectors determined from
carlier recons or from other sensors or imagers. Moreover,
after a number of iterations, an intermediate estimate of the
heart motion can be used to adapt the system model A,
followed by more (improved) 1terations.

Further, in the exemplary embodiment, the spatial regular-
1zation parameters s, are adjusted 120 adaptively, based on
how the voxel values change over time. For example, for
voxels indexed by values of 1 corresponding to 1image regions
that are far from the heart wall, less motion 1s expected; and
therefore, larger values for the regularization parameters in
those regions are utilized. Moreover, for voxels mndexed by
values of 1 corresponding to image regions that are close to the
heart wall, more motion 1s expected; and therefore, smaller
values for the regularization parameters in those regions are
utilized to maximize the spatial resolution 1n those regions.
For example, one could set s ;=exp(-ad,) where d, denotes the
distance of the jth voxel from the heart wall and a 1s a tuning
parameter that 1s selected empirically. Furthermore, for
image frames 1 corresponding to the resting portions of the
cardiac cycle (end diastole or end systole), larger values of the
regularization parameters are used, compared to time frames
where the heart 1s moving rapidly.

Moreover, 1 the exemplary embodiment, the temporal
regularization parameters 122 are adjusted adaptively, based
on considerations such as the spatial location and temporal
characteristics of the voxel. More specifically, for voxel indi-
ces 1 within the heart region, smaller values of the temporal
regularization parameters are utilized to maximize image
quality in those regions. Further, 1in regions away from the
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6

heart, larger values of the temporal regularization parameters
are utilized to reduce noise 1n the reconstructed image.

In an alternative embodiment, other considerations are
used to selectively adapt the temporal regularization param-
cters 122, such as, but not limited to, using an ECG signal (or
a so-called pseudo-ECG signal) to guide the design of the
regularization parameters. As such, the shape of the ECG
vector 1s analyzed and the state of the cardiac motion 1s
determined or estimated to take full advantage of the patient’s
cardiac motion characteristics variation retlected in the ECG
signal. Specifically, the regularization parameters are adapted
both spatially and temporally.

The adjusted parameters 124 are reapplied to cost function
110 to further update image 112. The process of adjusting the
regularization parameters 118, 120, 122 is repeated until all
iterations of the image are completed and a final image 116 1s
displayed.

In the spatial and temporal regularization terms above, as1s
known 1n the art, higher-order differences may be utilized
instead of the first-order differences that are shown above.

In 1terative reconstruction, multiple iterations are needed to
optimize the cost function. In the absence of a motion map,
intermediate results i the optimization process may be uti-
lized to further adjust or estimate the motion parameters. For
example, at the end of every 1iteration, a difference between
images reconstructed at different phases of the heart cycle
may provide spatial and temporal information as to the direc-
tion of motion. As such, the regularization parameters may be
adjusted to smooth less along the direction of motion and
more along the orthogonal direction.

In one embodiment, a method of improving a resolution of
an 1mage using image reconstruction is provided. The method
includes acquiring scan data of an object and forward pro-
jecting a current 1image estimate of the scan data to generate
calculated projection data. The method also 1ncludes apply-
ing a data-fit term and a regularization term to the scan data
and the calculated projection data and moditying at least one
of the data fit term and the regularization term to accommo-
date spatio-temporal information to form a reconstructed
image from the scan data and the calculated projection data.
In one embodiment, the method also includes applying the
equation " =argmin D(f)+T(f)+S(1) to the scan data, wherein
i=(1;, ..., 1;) and represents L. number of image frames that
are being reconstructed, D(1) 1s the data-fit term, T(1) 1s a

temporal regularization term, and S(1) 1s a spatial regulariza-
tion term.

In the exemplary embodiment, the step of applying a data-
fit term 1ncludes applying a data-fit term that includes a for-
ward projection operator and temporal data-weighting fac-
tors, dynamically adjusting the forward projection operator
based on a state of the object’s motion, and adaptively select-
ing the temporal data-weighting factors based on a relation-
ship between a predicted image and a projected view of the
image.

Further, 1n one embodiment, the step of applying at least
one regularization term icludes adaptively selecting tempo-
ral regularization parameters based on an amount of object
motion within an 1ndividual voxel of the image data. The at
least one regularization term 1s modified by selecting a larger
parameter for substantially motionless voxels and selecting a
smaller parameter for voxels having substantial motion.

Moreover, 1n another embodiment, the step of applying at
least one regularization term includes adaptively selecting a
spatial regularization parameter based on a distance from an
individual voxel to the object. The at least one regularization
term 1s modified by selecting a larger parameter for voxels
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substantially within the object and selecting a smaller param-
eter for voxels substantially outside of the object.

As used herein, an element or step recited in the singular
and preceded with the word “a” or “an” should be understood
as not excluding plural said elements or steps, unless such
exclusion 1s explicitly recited. Furthermore, references to
“one embodiment™ of the present mnvention are not intended
to be interpreted as excluding the existence of additional
embodiments that also incorporate the recited features.

The above-described method for reconstructing an 1image
tacilitates providing a reconstructed image of a moving object
having both improved spatial resolution and temporal reso-
lution. The method includes regularizing both spatial and
temporal parameters after every iteration. As a result, the
above-described method facilitates providing an improved
image quality, as compared to prior art methods.

Although the methods and systems described herein are
described 1n the context of cardiac CT 1image reconstruction,
it 1s understood that the methods and systems described
herein are not limited computed tomography. Likewise, the
methods described are not limited to cardiac imaging, but
rather, can be utilized to reconstruct an image of any object,
whether moving or stationary.

While the invention has been described in terms of various
specific embodiments, those skilled 1n the art will recognize
that the invention can be practiced with modification within
the spirit and scope of the claims.

What 1s claimed 1s:

1. A method of improving a resolution of an 1mage using
image reconstruction, said method comprising:

acquiring scan data of an object;

forward projecting a current 1mage estimate of the scan

data to generate calculated projection data;

applying a data-fit term and a regularization term to the

scan data and the calculated projection data to form a
reconstructed 1image of the object;

iteratively modifying regularization term based on spatio-

temporal mformation and change 1n voxel value over
time; and

applying said modified regularization term to the scan data

and calculated projection data to form an updated recon-
structed 1mage of the object.

2. The method of claim 1 further comprising applying the
equation " =argmin D(1)+T(#)+S(1) to the scan data, wherein
t=(1,, ..., 1;) and represents L. number of image frames that
are being reconstructed, D(1) 1s the data-fit term, T(1) 1s a
temporal regularization term, and S(1) 1s a spatial regulariza-
tion term.

3. The method of claim 1, wherein applying a data-fit term
turther comprises:

applying a data-fit term that includes a forward projection

operator and temporal data-weighting factors;
dynamically adjusting the forward projection operator
based on a state of the object’s motion; and

adaptively selecting the temporal data-weighting factors

based on a relationship between a predicted image and a
projected view of the image.

4. The method of claim 1, wherein applying a regulariza-
tion term further comprises adaptively selecting temporal
regularization parameters based on an amount of object
motion within an individual voxel of the image data.

5. The method of claim 4, wherein moditying the regular-
ization term further comprises:

selecting a larger parameter for substantially motionless

voxels; and

selecting a smaller parameter for voxels having substantial

motion.
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6. The method of claim 1 wherein applying a regularization
term further comprises adaptively selecting a spatial regular-
1zation parameter based on a distance from an individual
voxel to the object.

7. The method of claim 6, wherein modifying the regular-
ization term further comprises:

selecting a larger parameter for voxels substantially within

the object; and

selecting a smaller parameter for voxels substantially out-

side of the object.

8. A system for reconstructing an 1image, said system com-
prising a processor configured to:

acquire scan data of an object;

forward project a current image estimate of the scan data to

generate calculated projection data;

apply a data-fit term and a regularization term to the scan

data and the calculated projection data to form a recon-
structed 1mage of an object;

iteratively modily the regularization term based on spatio-

temporal mformation and change 1n voxel value over
time; and

applying said modified regularization term to the scan data

and calculated projection data to form an updated recon-
structed 1mage of the object.

9. The system of claim 8, wherein said processor 1s further
configured to apply the equation I =argmin D(f)+T(#)+S(1) to
the scan data, wherein I=(1,, . . ., I; ) and represents L number
of 1mage frames that are being reconstructed, D(1) 1s the
data-fit term, T(1) 1s a temporal regularization term, and S(1)
1s a spatial regularization term.

10. The system of claim 8, wherein said processor 1s further
coniigured to:

apply a data-fit term that includes a forward projection

operator and temporal data-weighting factors;
dynamically adjust the forward projection operator based
on a state of the object’s motion; and

adaptively select the temporal data-weighting factors

based on a relationship between a predicted image and a
projected view of the image.

11. The system of claim 8, wherein said processor 1s further
configured to apply the regularization term by adaptively
selecting temporal regularization parameters based on an
amount of object motion within an individual voxel of the
image data.

12. The system of claim 11, wherein said processor 1s
turther configured to:

select a larger parameter for substantially motionless vox-

els; and

select a smaller parameter for voxels having substantial

motion.

13. The system of claim 8, wherein said processor 1s further
configured to apply the regularization term by adaptively
selecting a spatial regularization parameter based on a dis-
tance from an individual voxel to the object.

14. The system of claim 13, wherein said processor 1s
configured to:

select a larger parameter for voxels substantially within the

object; and

select a smaller parameter for voxels substantially outside

of the object.

15. A system for reconstructing a cardiac image, said sys-
tem comprising a processor configured to:

acquire scan data of a heart while a subject including the

heart and a scanning device are moving relative to one
another 1n at least two planes;

torward project a current image estimate of the scan data to

generate calculated projection data;
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apply a data-fit term and a regularization term to the scan

data and the calculated projection data; and

modily regularization term to accommodate spatio-tempo-

ral mmformation and change in voxel value over time to
form a reconstructed image from the scan data and the
calculated projection data.

16. The system of claim 135, wherein the processor 1s fur-
ther contigured to apply the equation =argmin D(1)+T(1)+S
(1) to the scan data, wherein 1=, . . . , 1;) and represents L
number of 1image frames that are being reconstructed, D(1) 1s
the data-fit term, T(1) 1s a temporal regularization term, and
S(1) 1s a spatial regularization term.

17. The system of claim 15, wherein said processor 1s
turther configured to apply the data-fit term to the scan data by
applying the equation D=, _">_ ‘w_d(y A T),
where m 1s one ol y, to y, measured projection views, wml 1s
a temporal data weighting factor, A_ 1s model or forward

10

10

projection operator, A 1, 1sreprojected data, and d(y, , A 1,)
1s a measure of distance betweeny andA_ {1,

18. The system of claim 17, wherein said processor 1s
turther configured to dynamically adjust A__ based on a state
of heart motion.

19. The system of claim 15, wherein said processor 1s
turther configured to apply the regularnization term to the
image data by applying the equation T(1)=x ZZELZF lJt&.p( 1
t;.1 ;). where j 1s a number of voxels 1n each image, p(.) 1s the
potential function, and t;; 1s a temporal regularization param-
eter.

20. The system of claim 135, wherein said processor 1s
turther configured to apply the regularization term by apply-
ing the equation S(H)=x,_,"2k=1%s,p(f,~1; ,,,), where Kis a

15 number of spatial neighbors of each 1image, n, 1s a relative

index of the kth neighbor, and p(.) 1s a potential function.

% o *H % x
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